Current applications of BIM in the architecture, engineering and construction (AEC) industry are primarily limited to presentational purposes for clients, design clash detection, walk-through simulations, 4D animations, and on-site construction coordination. This paper examines the use of BIM as a platform to perform labor productivity studies considering alternative construction methods. This research exploits the CIS/2-standarded steel structural information within existing steel BIM and integrates the model with a unit rate labor productivity and material attributes database to perform an evaluation of the productivity impact of using quick connection steel systems on a typical industrial project. The results of analyses show that the proposed steel connection system used 38% fewer work hours than conventional steel connection (bolt and weld) systems did on the model project. The impact of the proposed construction method on the model project's schedule performance and work packages both before and after adopting the innovation were presented.
INTRODUCTION AND BACKGROUND
Ideally, Building Information Modeling (BIM) systems are intended to capture all of the information in a digital 3D model accessible to project stake holders throughout a project's lifecycle, from pre-project planning stage to decommission (NBIMS 2011) . Current applications of BIM in the architecture, engineering and construction (AEC) industry are limited to presentational purposes for clients, design clash detection and walk-through, and on-site construction coordination. Tremendous savings with these described applications of BIM have been observed in the industry.
Interoperability is a known issue in the construction industry. A study commissioned by the National Institute of Standards and Technology, NIST GCR 04-867 (NIST 2004) , reported that waste due to inadequate interoperability in the U.S. capital facilities industry tallies up to $15.8 billion per year. Having recognized the potential benefits of BIM and the challenge of interoperability, a numbers of organizations, such as the buildingSmart International, BuildingSmart Alliance, Steel Construction Institute (SCI), and NIST, are dedicated to either developing or promoting BIM standards' implementation within the industry. The Industry Foundation Classes (IFC) and CIMSteel Integration Standards (CIS/2) are the two prevalent BIM standards currently widely implemented among the industry. With these standards, data exchange can be achieved among different commercial BIM applications, which also enables the possibility of the research described herein.
Another challenge faced by the construction industry is a shortage of robust systematic tools to assess the impact of influencing factors on productivity and thereby predict their overall impact on a project. Over the past several decades, extensive research efforts have been dedicated to investigating the best practices to improve craft productivity. An argument exists that implementation of certain practices will result in productivity gains on a construction jobsite. For instance, some studies claim that implementation of an example process X will result in an improvement in craft productivity by Y%. However, these statements are usually followed by a question about the impact of the proposed process on a project's bottom line in terms of total costs or total hours required to build the project. Anecdotal evidence suggests that construction firms find the latter estimation of a process' impact to be a more convincing argument.
Besides its primary intention of meeting a need for industry-wide construction productivity measurement, the Construction Industry Institute (CII) Model plant was built to be utilized as a platform to virtually test the new technologies, constructability issues, and other new construction concepts or ideas in order to understand their impact, (Scherer and Tucker 1986) . The Model Plant is a standard representation of a petrochemical plant with total construction cost ranging from $75-85 million dollars (in 1986 dollar value), including nine major areas: fractionation unit, tank farm, compressor unit, turbine generators, underground piping, pipe bridge, and others. However, the CII Model Plant has not been frequently updated, since its development in 1986. The old medium that was used to record the model plant's data limited efficient data transfer and processing. In addition, the lack of sound supportive tools made in-depth labor productivity studies difficult.
To some extent, the advantages of BIM as a sophisticated 3D representational and informational model and its seamless integration interface because of the emerging BIM standards makes more in-depth studies possible. Use of BIM in this way is described in the following sections.
SCOPE AND OBJECTIVES
The objective of this paper is to propose a prototypical framework for using BIM to perform labor productivity studies on construction projects in assessing innovative construction technologies, ideas, and methods. Specifically, for this research, the scope of the selected project is limited to steel construction. There are two reasons. First, this paper used CIS/2 as the standard format for data exchange between different BIM applications. Both IFC and CIS/2 are the prevalent open standards for interoperability implemented among the industry. IFC is a type of standard building schema with a universal data structure that is intended to describe all of the information engaged in a building from the phases of feasibility study, design, construction, throughout operation and to ensure the exchanges of information among the phases (IAI 2011). IFC is necessary but is not adequate for achieving full interoperability between BIM tools, because the breadth and flexibility of its schema leave room for errors (Eastman et al. 2010) . In this sense, CIS/2 is targeted to the steel industry and provides flexible, independent views of the model data for individual tasks such as design, detailing, scheduling, and fabrication (Khemlani 2005) . Despite its smaller scope, it is easier to implement on an industrywide level than IFC. The other reason is that the currently available BIM software application that is capable of performing the described study is industrial construction targeted involving a large quantity of work in steel and piping trades.
The concept of this research could be applied to any study of the same nature, which is intended to test construction innovations' impact on a project prior to its construction phase. For this particular case, a type of newly emerged quick steel connection system was identified as an innovation to be tested on a BIM model. The model project that was used in this research is an actual ultra low sulfate diesel (ULSD) project that was built in the U.S. Midwest, and once again only the steel structure was examined in this study. Thus, it was possible to assess the impact of using quick connection systems on the project's bottom line in terms of total labor hour savings on the model project. However, it should be noted that BIM is capable of evaluating the impact in terms of cost, schedule, and other related issues. The scope of this paper is limited to the schedule impact.
RESEARCH METHODS

Model Project
The model project is a two-storied steel structure from a ULSD refinery project located in the U.S. Midwest. The entire steel structure consists of 27 spans, with each span length of 6.10m (20 ft.). The relative elevations are 12.2 m (40 ft.) and 24.4 m (80 ft.) at the tops of 1 st floor and 2 nd story respectively ( Figure 1 ). The total installed quantity of steel members amounts to 488 metric tons (537.9 US tons) in weight.
Quick Steel Connection Systems
A type of quick connection steel system selected for study provides the ability of carrying gravity, wind and seismic loadings and affords resistance to blast and quantities. It should be noted that total labor hours savings in percentage on a project as a whole could not attain the numbers listed in the column (5) of Table 1 since the quick connection systems are not applicable to all steel members. They are limited to column-beam connections. Therefore, simply using a number from the table below as a multiplying factor and applying uniformly to the entire project is not warranted. This also offers the reason for employing BIM to perform the analyses in the described research. To minimize confusion, the authors defined the productivity difference in percentage shown in the table as the time-saving factor in order to differentiate with the productivity factor that will be described in later sections of the paper. The relationship between the time-saving factor and the productivity factor can be described with the following Equation (1).
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When determining the productivity factor for the quick connection systems, the authors used the median of the productivity differences among the sampled projects as the desirable time saving factor applied in the study. Using the median in lieu of mean was due to the limited sample size. Based on this data, 67.84% was the timesaving factor to be used for use of the quick-connection steel system versus conventional steel connections. However, there were some beams in the model project, where only one end of the beams was connected to columns. In this case, the authors assumed 67.84% as the time saving factor, to be applied to beams with two ends connected to columns, and 33.92% (half of 67.84%) was applied to beams with one end connected to columns. As a result, different productivity factors were applied in the described model project. 
Modeling Techniques
One of the important procedures involved in modeling was to differentiate unique steel members, which is essential to perform the analyses. A steel member can be differentiated by its cross-sectional size, grade, and function (e.g. column, beam, embrace, joist, etc.). In CIS/2 Standards, piece marks are used to distinguish the steel members with different function, size, and length. Table  andle  ul User Input local computer. CIS/2 model files contain detailed steel assemblies and parts information. For this effort, model conversion involved transferring the information contained in the CIS/2 file into an I-model data format developed by Bentley. The Imodel format acts like a container that is able to combine multiple models' information in a single package in an accurate and secure way while removing redundant information. I-model cannot be changed by model viewers, but information in the model still can be queried and processed.
Model processing involves two sub-processes: assigning attributes and task processing. After model conversion, the basic attributes associated with original steel structural model in CIS/2 format are automatically stored in a Microsoft Access database. The basic attributes include assembly ID, steel piece-mark, function, weight, steel size, grade and length. The attribute assignment process aims to assign model objects additional attributes that are useful for later the construction stage. Those attributes are stored on a database. The BIM software package used for this research uses Microsoft Access database to hold these data. As shown in the Figure 3 , the steel components are pre-defined by the user into five weight ranges: extra light, light, medium, heavy, and extra heavy, according to the unit weight. The steel assembly attributes table (in Figure 4) combines the information that appears in both the basic model attributes table and the steel type definition table. The labor productivity unit rates are assigned to each steel assembly by matching Function and Weight Range fields, which appear in both the steel assembly attributes and productivity unit rate tables. The productivity unit rate table and its source of baseline productivity and productivity factor will be addressed in the next section. Task processing breaks down each assembly erection activity into 6 sub-activities, including: (1) unload and handle, (2) shake out and haul, (3) assemble, (4) bolt up, (5) impact, and (6) checkout. The percent of time spent on each step accounting for total time spent on erecting a steel component can be customized by users according to companies' internal data. By doing so, each component can be broken into multiple activities required for installation, and corresponding work-hours can be computed automatically and assigned to each sub-task activity.
Source of Productivity
One objective of this paper is to assess the productivity improvement of using quick connection systems. Therefore, a baseline work-hour was established through referencing baseline unit rate productivity. Figure 5 shows a screen shot of a unit rate table which can be tailored according to user's company practices. For the productivity factor, the baseline model using conventional steel connection systems was uniformly applied with productivity factor of 1.0. In the model project involving quick connection systems, a productivity factor of 0.66 was applied to beams with Beam-C connections, 0.32 was applied to beams with C-Beam-C connections, and 1.0 was applied to rest of the steel members.
4D Schedule Simulation
The purpose of 4D schedule simulation used in this research was to visually compare the schedule performance as a result of using quick connection systems limitation of this research is that, currently, it is only applicable to steel construction because of yet-to-be-matured BIM standards and industry-wide implementation of the standards. However, with the emergence of full-blown BIM standards and extensive implementation among the industry, similar studies can be performed in all other trades with the same concept. This study took a type of quick connection systems as an example. The results indicate that the quick connection systems outperformed conventional systems on the model project in terms of schedule. In the real business world, schedule is only one aspect, and cost is another factor that is always evaluated before implementation of a new process. Especially, on cost-driven projects, economic evaluation is a paramount review process. A further study on costs is recommended if project stakeholders want to determine whether the quick connection systems should be adopted on their projects or not. With the adoption of quick connection systems, the quantities of installed steel components within the same period of time outnumber the quantities when convention systems were adopted, which could impose stress onto the efforts associated with material supply, and the layout of staging and lay down areas. These issues should be further studied as well.
